The objective of this study was to investigate the effectiveness and specific effects of acupuncture on ischemic-induced damage in rats after permanent middle cerebral artery occlusion. Cerebral ischemia was induced by middle cerebral artery occlusion in male Wistar rats. The rats were divided into the following 4 groups: normal controls, ischemic, real acupuncture-treated (Shuigou, DU26), and non-acupoint-treated groups. On the third postoperative day, neurological deficit scores, cerebral blood flow, infarction volume, and neuronal cell death counts were measured. In the real acupuncture-treated group, the neurological deficit scores and cerebral blood flow were improved (p < 0.05) and the infarction volume and neuronal cell death counts were reduced (p < 0.01) compared to the ischemic and non-acupoint-treated groups. The present study demonstrated that real acupuncture was effective against focal ischemia-induced damage in rats after middle cerebral artery occlusion, and the effects were specifically related to the right needling location.
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MCAO Operation
The MCAO operation was conducted with the improved intraluminal suture method that was originally described by Longa et al. (1989) . Briefly, rats were anesthetised with 10% chloral hydrate (1 mL/200 g, i.p.) and placed in dorsal recumbence. A 20-to 25-mm-long longitudinal incision was made in the neck to expose the left carotid bifurcation. The left external carotid artery and the left internal carotid artery were carefully dissected from the surrounding tissues. A 4.0 nylon monofilament (40 mm in length and 0.265 mm in diameter) that was coated with silicone was inserted from the external carotid artery into the left internal carotid artery in order to block the origin of the left middle cerebral artery. Animal body temperature was maintained at 37 ± 1°C during and after the operation. All animals received injections of a few drops of gentamycin sulphate on the incision and 1 mL of physiological saline subcutaneously shortly after the surgery in order to prevent postoperative infections or dehydration. The animals recovered rapidly from the anesthesia and were returned to their home cages. The rats were decapitated 72 h after the operation.
Acupuncture Stimulation
Acupuncture stimulation, which consisted of dry needle acupuncture, was performed by 2 skilled Acupuncture and Moxibustion major postgraduates who had trained for 5 -7 years in theoretical and clinical settings. The acupuncture was started immediately after the baseline NDS assessment. A stainless-steel needle, which was 0.25 mm in diameter and 40 mm in length (Suzhou Medical Supplies Factory Co., Ltd., Jiangsu, China), was manually inserted 5 mm deep into DU26 or the non-acupoint. The needle was thrust and lifted at a frequency of 3 Hz (i.e., 180 per min) for 5 s, as described in a previous study (Li Ling-xin et al., 2010) . The acupuncture treatment was applied at DU26 or the non-acupoint twice a day for 3 days.
The location of DU26 and the non-acupoint is shown in Figure 1 .
NDS Evaluation
NDS was assessed by a researcher who was not involved in the animal treatments and who was blind to the experimental group before and after acupuncture treatment. The neurological function of all animals was evaluated with the following: Zausinger 6-point scale (Zausinger et al., 2000) : 0 points, no spontaneous activity; 1 point, spontaneous circling; 2 points, circling if pulled by tail; 3 points, lowered resistance to lateral push; 4 points, contralateral forelimb flexion; and 5 points, no deficits.
CBF Measurement
In the present study, regional CBF was monitored in the ischemic cortex with laser Doppler flowmetry (LDF). The LDF technique has been used in many studies (Lou et al., 2004; Yang et al., 1994) . In brief, laser light from a semiconductor laser diode (wavelength, 785 nm; maximal energy acquired, 2.5 mW) in a flexible fibre optic is used to detect moving red blood cells. In this experiment, the regional CBF was measured with a DRT4 Laser Doppler Perfusion and Temperature Monitor (made in Moor Instruments, Devon, UK and purchased from Gene & I Life Science Co., Ltd., Beijing, China). The left dorsolateral portion of the calvaria was carefully abraded with a mini-drill until only a paper-thin layer of bone remained in order to prevent cerebral spinal fluid leakage. A hole that was 2.0 mm in diameter at 3.0 mm lateral and 1.0 mm caudal to the bregma was then drilled. Then, each animal was placed in a supine position, and the head was firmly immobilised in a stereotaxic frame. A Laser-Doppler probe, which was held in a micromanipulator, gently touched the intact dura mater in order to measure the regional CBF. The flow values were recorded during 1-min periods every 10 min until the LDF baseline was stable, and the data were calculated as averaged values.
Morphometric Measurements of Infarct Volume
The area of the cerebral infarction was quantified by TTC staining. Twelve rats in each group were euthanized immediately after the 3-day treatment and decapitated. The brain was swiftly extracted and refrigerated at -20°C for 30 min. 
HE Histological Analysis
The remaining 6 rats in each group were anesthetised with 10% chloral hydrate intraperitoneally as described above and then decapitated. The brains were quickly removed from the skulls, fixed in 12% neutral formalin for 24 h, and then cut into 3-mm-thick coronal slices for routine histopathological examinations of HE staining by light microscopy at a magnification of 400×. Briefly, two 3-mm-thick coronal brain sections from the anterior and posterior 3 mm from the midpoint of the cerebral longitudinal fissure of each brain were placed in different concentrations of ethanol and xylol for dehydration and then embedded in paraffin in order to make paraffin blocks. Sections from the paraffin blocks were cut at a thickness of 5 µm and stained with HE. Neurons were examined under a light microscope at a magnification of 400× by a person who was blinded to the study. The numbers of dead neurons, which were counted on 2 histological sections from each animal, were expressed as the average number of dead neuronal cells.
Statistical Analysis
The data were analysed with the Statistical Package for the Social Sciences (IBM Corporation, Armonk, NY, USA). The NDS data are presented as a median (interquartile range). For the comparisons between the groups, the data were analysed with a K independent samples nonparametric test (Kruskal-Wallis Test), which was followed by a post-hoc Mann-Whitney U-test. For the comparisons with the baseline, the NDS data were analysed with the 2-related-samples nonparametric test 
Experimental Flowchart
The whole experiment was completed in a week. All the animals were fed for 3 days. When the MCAO operations were completed, all animals were randomly assigned to the NORM, the MCAO, the N-ACU, or the R-ACU groups, and the NORM animals were only handled outside of their cages during the time of the operation. At that time, the first neurological function evaluation was assessed. Then, the N-ACU and R-ACU animals were treated with sham or real acupuncture, respectively, twice a day for 3 days. On the third day and after treatment was completed, the NDS and CBF examinations were performed in all animals. Then, in each group, 12 rats were decapitated for TTC staining, and the other 6 rats were decapitated for HE staining. A flowchart of the procedures in this experiment is displayed in Figure 2 .
Results

NDS
Behavioural tests are used to reflect the neurological deficits in rat brain function. NDS was expressed as a median (interquartile range) in this experiment. Compared to baseline, we observed that NDS was significantly increased after real acupuncture treatment, while there were no obvious differences in the other 3 groups. Furthermore, when comparing the groups after treatment, NDS in the R-ACU group was significantly increased [3(1)] compared to those in the MCAO [2(1)] and the N-ACU [2(1)] groups (p < 0.05 for both). Slight differences were observed between the MCAO and N-ACU groups, but these differences were not significant (p > 0.05). The NDS data are shown in Figure 3 . 
CBF
Occlusion of the left middle cerebral artery led to an immediate sharp drop in the regional CBF in the ischemic cortex (219.94 ± 13.65) in MCAO rats compared to that (417.59 ± 17.28) in NORM rats. A tendency to return to normal levels of CBF was observed in both R-ACU and N-ACU rats after acupuncture intervention (233.81 ± 15.76 in N-ACU rats and 299.16 ± 25.31 in R-ACU rats). However, the CBF values in R-ACU rats were significantly recovered compared to that in N-ACU rats (p < 0.05). The difference in CBF between the R-ACU and MCAO groups was significant (p < 0.05). In contrast, no significant difference in regional CBF was seen between the N-ACU and MCAO groups (p > 0.05). The CBF data are shown in Figure 4 .
Infarction Volume
In the evaluation of infarct volume, TTC staining that was conducted 72 h after ischemia demonstrated the pathological features of ischemic damage that is induced by MCAO. Figure 5A shows representative photomicrographs of coronal sections that were obtained from rats from the 4 groups. No cerebral infarctions were observed in the NORM group. The white areas in the figure indicate the typical infarcted area in the other 3 groups. Figure 5B shows that the NORM rats did not show any evidence of brain lesioning (0.00 ± 0.00%). However, in the MCAO group, severe cerebral infarctions were observed in all rats, and the infarct ratio was 22.67 ± 2.15%, which was significantly different compared to the NORM group (p < 0.05).
Although the N-ACU (19.48 ± 1.74%) and the R-ACU (8.93 ± 1.02%) rats showed a decrease in brain infarct volume compared to the MCAO group, the R-ACU rats were significantly different (p < 0.05) compared to both the MCAO and N-ACU groups, while the difference in the brain infarct area between the N-ACU and MCAO groups was not statistically significant (p > 0.05). 
Neuronal Cell Death Count
In the light microscopic histological evaluation, the necrotic areas in R-ACU rats were not widespread, and the number of dead neurons in R-ACU rats (5 ± 0.38) was significantly less than those in MCAO (20 ± 0.56) and N-ACU (19 ± 0.67, p < 0.05 for both) rats. Compared to the NORM rats (2 ± 0.42), the number of dead neurons was significantly different in the MCAO rats and in the N-ACU rats (p < 0.05 for both). The difference in the dead neuron count between the N-ACU and MCAO groups was not statistically significant (p > 0.05). The light microscopic results are shown in Figure 6 . Figure 2 
